The ethical principle of "first, do no harm" (primum non nocere) is indisputable in relation to our clients; however, so, too, is ensuring that no harm is done to occupational therapists. Well over a decade ago, with support from my workplace, I started searching for the answer to what appeared to me a very simple question: "Is it safe for occupational therapists working with low-temperature thermoplastic splinting materials to breathe in the gases emitted when these thermoplastics are heated?" Now, although retired from the profession, I am still asked this question by occupational therapists, and I am convinced physical therapists and orthotists have contemplated it as well. They are seeking reassurance that there are no detrimental long-term health effects from the inhalants of these materials and that any suggestions of their relationship to miscarriages, hydatidiform molar pregnancies, or male offspring with scrotal cysts, for example, are unfounded. Thirty-five years of practice later, I am still searching for the answer.
An Elusive Quest
Finding answers to these questions has been a challenging, frustrating, and painfully slow process. Initially, I asked the manufacturers of commonly used thermoplastic splinting materials about their composition. They were uniformly resolute in their refusal to disclose anything other than two of the numerous ingredients that form these complex plastics. The resultant discussion with the Workplace Hazardous Materials Information System (WHIMIS) and Health Canada yielded three pieces of information: (a) manufacturers are exempt from disclosure, (b) the plastic contents are considered a trade secret, and (c) toxicity information can be listed as not available. In other words, Health Canada had no safety data on file from the manufacturers, nor were any safety testing results available. Subsequently, Health Canada's Device Evaluation Division of the Medical Device Bureau opened a file but admitted having no prescribed methods for testing these materials. The manufacturers stated that there were no fumes emitted in the manufacturing of the materials and submitted only ash testing to Health Canada. However, experts caution that this type of testing is not sensitive enough to measure the finer respirable inhalants and fume contents and does not look for volatile organics compounds (VOCs) or hydrocarbons (C. Rahm, personal communication, July 24, 2010) .
After exhaustive discussions with WHIMIS, Health Canada, and numerous other agencies and regulatory bodies, a colleague, Connie Wyllie Naftel, recommended searching for the original patents (from 1974 and 1985) of two commonly used thermoplastics. This search revealed more, but still not all, of the ingredients: talc, silica, powdered slate, titanium dioxide, styrene-isoprene-styrene, styrenebutadiene-styrene triblock copolymers, benzoyl peroxide, polyethylene, vinyl acetate, and phthalate plasticizers. With the support of an industrial hygienist, samples of the two commonly used thermoplastics-one rigid and one foam-were tested at a reputable lab for the emissions to the headspace. Thermal desorption gas chromatography-mass spectrometry analytic technique, which detects and measures the top 35 VOCs being off-gassed, revealed toluene, xylene, and benzene along with 32 other VOCs. Concerns regarding genotoxicity of these organic solvents, in particular benzene, are well documented (U.S. Department of Health and Human Services, Agency for Toxic Substances and Disease Registry, 2007) , and inhalation of these vapours is thought to be problematic even at what is considered to be low-level exposure (Nilsson, Nordlinder, Tagesson, Walles, & Järvholm, 1996; Ward et al., 1992) . Clapp, Jacobs, and Loechler (2008) have even suggested that there is no safe threshold regarding permissible exposure levels to benzene. Next, a board-certified toxicologist reviewed the testing results and advised that although findings were within the current limit set by Health Canada, more testing was required to mimic a real-life work situation, such as room size, and evaluate the effects on therapists over the course of a standard work shift and with longterm exposure.
These results raised a number of perplexing questions to which, unfortunately, there are no ready answers. First, there is a paucity of information regarding the epigenetic influences of these VOCs on both females' and males' fertility and their offspring as well as the bioaccumulation of environmental toxins. Further, there is little information regarding "how much is too much," keeping in mind that exposure is said to equal How Much Â How Often Â How Long (Links, 2006) . Finally, this field of study is ethically challenging, and randomized controlled trials of human toxicity and the correlation of animal studies to females and fetuses are difficult and complex (Amer 
Advice From Safety Agencies: The Precautionary Principle
A large number of product safety agencies and regulatory bodies exist in Canada, the United States, and Europe, as do experts in the field, and I have contacted over 40 of them. Repeatedly, I was told that inhaling the fumes generated from heated plastics is not recommended and is not wise. I was told that no adequate human studies exist to set exposure safety levels for many chemicals in these plastics, so be "very cautious." I was advised against waiting until all testing was completed and a definitive answer was obtained, as enough evidence already existed to show that warming and inhaling plastics without precautions was not a safe practice. This precautionary principle of risk management was strongly recommended by many experts from fields such as occupational health and toxicology. In environmental law, it is held that if an action or policy has a suspected risk of causing harm-despite a lack of definitive scientific consensus-it is prudent not to do it.
Managing Precautions Within Busy Practice Settings
There is good evidence that some of the off-gases associated with thermoplastics have serious health consequences. For examples, phthalates are known endocrine disruptors and have been linked to immune and metabolic disorders, reproductive challenges, and developmental and neurological effects (Schug, Janesick, Blumberg, & Heindel, 2011) . They are of particular concern when they are moved, warmed, or inhaled, which is exactly what occupational therapists who construct splints as part of their practice do repeatedly in a typical workday. Similarly, isoprene can be absorbed into the body via inhalation and is a suspected human carcinogen (Melnick, 1994) with no set occupational exposure limits (National Institute of Occupational Safety and Health, 1997). Accordingly, the precautionary principle would dictate, as I have been repeatedly advised, to immediately use, at the very least, strong exhaust systems and protective equipment; yet, few hospitals across the country have such equipment. The precautionary principle would further dictate to heed the advice from manufacturers not to overheat plastics and to minimize heat gun use. Yet, countless busy therapists have admitted to never having read the manufacturer's heating guidelines, instead adhering to the belief that the softer the material gets, the easier and quicker it is to obtain a good mold. Therapists frequently heat far beyond the manufacturer's recommended guidelines, which increases the potential of off-gassed aldehydes and acroleins. Further, heat guns, which are sold alongside the materials, heat up to 732 degrees Celsius, far exceeding the manufacturer's recommended 80 degrees Celsius for material heating. Finally, the precautionary principle dictates that, ultimately, we must find safer materials from which to fabricate splints and orthosis for our clients. Given credible evidence and the current level of concern regarding phthalates, VOCs, and other off-gassed inhalants when plastics are heated, it does not make good sense for therapists to continue utilizing these practices without appropriate safety precautions. There is global concern regarding environmental and occupational exposure to the contents of the plastics used, and yet occupational therapists are exposing themselves and perhaps their offspring to the effects of offgassing on a daily basis.
Conclusion
Over the course of my beloved career, I have made a number of erroneous assumptions. I assumed that a practice that I was asked and required to do in the course of my work as a health care worker in a health care setting had already been tested and shown to be safe. I assumed that I would never be asked to do something that involved untested materials at possible personal risk to myself as well as my clients. I assumed that occupational therapists were privy to the same rights as other workers, such as to know what they were exposed to at work. In my case, none of these assumptions was accurate; my quest for answers regarding the safety of heating thermoplastics highlighted that for me. Most importantly, in the absence of definitive evidence regarding the safety of our work, I believe-instead of dwelling on the past-that we must act moving forward and follow the precautionary principle as new answers to our questions slowly emerge. It is imperative that we make sure that in performing the wonderful work we do as occupational therapists, indeed, we, first, do no harm-primum non nocere.
